The retrieval of tropospheric water and temperature with the ground-based and automatically operating radiometer system ASMUWARA (All-Sky MUlti WAvelength RAdiometer) is described. This instrument operates simultaneously at microwave and IR channels. Integrated water vapour (IWV) and integrated liquid water (ILW) are retrieved with a newly developed linear algorithm to an accuracy of 0.014 kgm −2 (ILW) and 0.41 kgm −2 (IWV), thanks to the inclusion of a channel at 151 GHz. These measurements are made for the whole hemisphere and therefore provide information about the spatial distribution of water in the troposphere. With an optimal estimation algorithm, tropospheric temperature and humidity profiles are retrieved. The results are quasi bias free with a mean error of less than 2.5 K for the temperature (less than 1 K in the lowest km above ground), and less than 1 gm −3 for the humidity. Examples of all measurements are shown. 
Introduction
Tropospheric temperature, humidity and clouds are key elements in meteorology. To improve the quality of weather forecasts it is essential to monitor these parameters continuously and automatically. The methods typically used for their measurement are reliable, but do not have sufficient spatial (e. g. weather stations) or temporal (e. g. radiosondes) coverage. Remote sensing methods are favourable to obtain a denser image of the atmosphere. Radar and lidar instruments are well apt to localise rain and clouds, but their ability to measure integrated quantities is limited. With GPS meteorology, on the other hand, the integrated water vapour of the atmosphere is retrieved accurately, but this method gives no information on the vertical distribution of water vapour.
Such gaps can be filled with ground-based microwave radiometers such as MICCY (CREWELL et al., 2001) , the RPG-HATPRO (ROSE et al., 2005) , Radiometrics' TP/WVP-3000 (WARE et al., 2003) and AS- * Corresponding author: Lorenz Martin, Institute of Applied Physics, University of Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland, email: lorenz.martin@mw.iap.unibe.ch MUWARA (All-Sky MUlti WAvelength RAdiometer, MARTIN et al., 2006b) . ASMUWARA measures the atmospheric microwave and infrared radiation at ten frequencies in all directions of the sky. This is a special feature of the instrument and makes it unique among the presently existing ones. It is thus capable of measuring temperature and humidity profiles as well as maps of the integrated water vapour (IWV), of the integrated liquid water (ILW), and of cloud parameters. ASMUWARA operates automatically and produces results continuously and in real time.
The technical features and calibration methods of ASMUWARA are described in MARTIN et al. (2006b) , whereas this paper treats the methods used to retrieve tropospheric water and temperature. In a first step, the IWV and the ILW are retrieved with a linear algorithm based on measurements at 23.60 GHz, 31.50 GHz and at 151.00 GHz (Sec. 3). While the linear retrieval with two channels is a standard task, the inclusion of the 151.00 GHz channel leads to a significant improvement of the IWV and especially the ILW accuracy. These results, in combination with the ASMUWARA infrared channel and with surface meteorological measurements, lead to the calculation of temperature and 
